SUMMARY Using an in vitro bioassay, erythropoiesis stimulating activity has been measured in serum, cyst fluids and tumour homogenates from fourteen patients with cerebellar haemangioblastoma. Only two patients had elevated peripheral blood red cell counts and haemoglobin concentrations. Significantly elevated serum erythropoiesis stimulating activity was found in only one patient. High levels, however, were detected in seven out of the fourteen cyst fluids and in the two homogenates tested. The dose response lines from these paralleled those of normal human erythropoietin. It was possible to neutralise the erythropoiesis stimulating activity in the cyst fluids with anti-human erythropoietin serum, indicating its similarity to erythropoietin, the normal erythropoietic regulating hormone. Significant release of the erythropoietic stimulating factor from the cyst fluids into the blood seemed to be an uncommon occurrence.
The association of posterior fossa haemangioblastoma with increased levels of haemoglobin and red blood cells in the peripheral blood was first described by Carpenter and Walker.' Demonstration of erythropoiesis stimulating activity in the cystic contents2 provided insight into the likely mechanism of this association. No increases into the serum activity, however, were found, but this could have been due to the relative insensitivity of the in vivo erythropoietin bioassay then available.
More recent reports have confirmed the association between erythrocytosis and the posterior fossa haemangioblastoma. One Serum samples, and in some cases cyst contents or solid tumour fragments, were collected for erythropoietin assay, and stored at -40°C until assayed. After thawing the serum samples, cyst contents and homogenates of the tumour in tissue culture medium were subjected to an acid heat denaturation procedure followed by concentration of the protein depleted supernatant fluid.6 Erythropoietin assays on the serum concentrates were formed using a foetal mouse liver cell system modified to use Il25 deoxyuridine as an indicator of cell proliferation and microtitre culture and harvesting system.6 Owing to limitations in the assay sensitivity in the early part of the study, serum erythropoietin results were stated as normal if they could not be shown to be significantly higher than the normal serum pool control.
The neutralisation studies with anti-human erythropoietin were performed using goat anti-human erythropoietin serum (JCL Clinical Research Corporation, Tennessee). Previous titration and characterisation studies had established an approximate neutralising capacity for human erythropoietin at 1000 mu per ml antiserum but the activity of sheep erythropoietin (Connaught step 3) was largely unaffected.
Results
The clinical haematological and histological results are shown in table 1. Only two patients (approximately 18 %) had a clear cut erythrocytosis with haemoglobin in excess of 18 gms per cent and both had clear cell (Type C) tumour histology. Serum erythropoietin levels were in the normal range (3-32 mu per ml) with the sole exception of one of the patients with elevated haemoglobin (case 13) who had 79 mu per ml erythropoietin. Measurement of erythropoiesis stimulating levels in cyst fluids, however, showed extremely high concentrations in seven out of the ten cystic lesions including that of case 13. This was not, however, confined to any of the three cytological types (A, B, or C) and erythropoiesis stimulating activity was not found in the three remaining cyst samples (two type A, one type C). Comparatively modest amounts of erythropoiesis stimulating activity were present in the solid tumour extracts. The goat anti-human erythrpoietin serum completely abolished the dose response curve of the second WHO International Reference Preparation of erythropoietin, the human serum erythropoietin control and also the cyst fluid erythropoiesis stimulating activity. Radioactive counts were also reduced by anti-erythropoietin serum in the cultures without added erythropoietin which may reflect neutralisation of the erythropoietin in the pooled normal human serum incorporated into the culture medium. Preliminary titration of the anti-erythropoietin serum appeared to reveal a prozone effect with less erythropoietin neutralisation at higher antiserum concentrations. This may have been due to the presence of endogenous erythropoietin in the goat antiserum.
The dose response lines of the second International Reference Preparation human serum and cyst fluid erythropoiesis stimulating activity all showed significant parallelism (p < 0 5) when examined by the parallel line bioassay statistical procedure as described by Colquhoun.7
Discussion
The in vitro bioassay technique used in this study is of sufficient sensitivity to allow valid multiple dose parallel line comparisons during assays of most clinical material. This gives confidence that the erythropoiesis stimulating activity is in fact erythropoietin rather than an erythropoiesis stimulator enhancing endogenous activity. The activity found in cyst content shows a high degree of parallelism with the erythropoietin standard preparations suggesting its pharmacological identity with that hormone. This conclusion is reinforced by the demonstration that the anti-human erythropoietin antisera completely neutralises the in vitro biological activity. Previous studies8 9 showed that haemangioblastoma cyst erythropoietin has similar properties to urinary derived erythropoietin as judged by study of radiation induced inactivation and susceptibility to trypsin and sialidase treatment. These authors also found abolition of erythropoiesis stimulating activity with erythropoietin antisera though the in vivo bioassay used could not differentiate between direct neutralisation of erythropoietin in cyst fluid and neutralisation of erythropoietin formed within the assay animals as a result of cyst fluid injection.
The original suggestion by Jeffreys4 that type A tumours appeared only in younger patients is not substantiated in this series where it will be seen that type A tumours occurred in patients ranging from 41 to 63 years of age. The findings for type B and C tumours, however, are much in keeping with the previous series. It is particularly interesting to note that the two patients with erythrocytosis (haemoglobin in excess of 18 g/dl) also suffered from type C tumours, findings in agreement with Jeffreys.4 The erythropoietin levels in the tumour were very high in both these patients though it should be noted that high levels were also seen in patients with bloodcounts in the normal range and this observation together with the lack of elevation of serum erythropoietin levels suggests that erythropoietin is largely retained within the tumour. The factors determining leakage Jeffireys, Napier, Reynolds of sufficient erythropoietin to cause erythrocytosis and elevated serum levels remain to be elucidated. It therefore appears unlikely that measurements of serum erythropoietin would be helpful in assisting the differential diagnosis of posterior fossa neoplasms. Whether following serum erythropoietin measurements or blood counts in the occasional patient with elevations in these parameters provide any guide to relapse remains to be determined. Cerebrospinal fluid levels of erythropoietin were not determined in this study but should be investigated in this context. 
